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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate memben. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device leaU with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be serf-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating lL 
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OCCIUSIW OF A VESSEL 
Background of tht Invention 

Ftifd of thn Invention 

The prmnt invention relates gooerafiy to the ocduBcn of o vessel withei • pawn, and mora specifically, 
to an apparatus and method of pirttiBy or completely ocduifing a vessel 
Description cf the Related flrt 

Attempts heretofore have been made to treat occasions in the carotid arteries iaading to the bran. 
However, such arteries have been very difficult to treat because of the passivity of dakidgvrg plaque which can 
enter various arterial vessels of the brain and cam permanent brain damage. Attempts to treat such occlusions 
with balloon angioplasty have been very tinted because of such dangers. In surgical treatments, such as 
endertereetomy. the carotid artery is slit and plaque is removed from the vessel in the slit area. Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such as in angioplasty and ai the treatment of peripheral arteries end veins, there b 
the posstffty that the guide wires and catheters used in such procedures during deployment of the same may cause 
disJodgement of debris or emboli which can flow downstream and cause serious damage, such as stroke, if they 
occfcde blood flow in smafer vessels. Thus, in summary, ambc&ation and migration of nwc-emboS downstream 
to en end organ is a major concern of cardiologists during catheterizations. 

Thnre b therefore need for new end improved apparatus and methods which make it possible to treat 
ocduded vessels without endangering the patient. 

Sgpiffrv gf ft? |p*irrtioo 

The present invention satisfies the need for a device that occludes e vessel, in particular, a vessel in a 
patient unde-gostg therapeutic or other medical treatment. Any one of a number of different eipsnsion members 
ere joined to one or more elongate members such as hypotubes to form a device that completely or partially occludes 
e vessel within a patient. The expansion member may be seH-oxpending, it may be expanded by engaging h with 
one of the elongate members, or it may be hooted to cause it to expand. A membrane preferably surrounds the 
expansion mcnta so that a seal is made between the membrane and the vessel. The perfusion of blood is allowed 
if the memfarane o perforated. Partial occlusion may be obtained without a membrane rf a suitable expansion 
member a chosen. In general, in one aspect of the present invention, there is provided en apparatus and method 
that can be used with approved diagnostic and therapeutic devices to reduce the chance of emboli migrating 
downstream, Alternatively, the expansion member moy enchor an intravascular device within a vessel 

One embodiment ol the present invention is a device for occsudbig a vascular segment, ei which the device 
inckides en expansion member and first and second elongate mentors. The first elongate member engages the 
expansion member, and the second elongate member surrounds the first elongate member, with the expansion cramber 
expanding to occlude the vascular segment when one of the elongate members b moved longitudinally. Ttw 
expansion member preferably includes a braid, a col, a ribbon-ike structure, a stoned tube, a pkjratity of ribs or a 
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fitter*. «uh. The due. mey t*. indud. nM thar .djoio, ,he M nwmber for creating , p IrtI ,l ., 
total seal with the vascular segment. 

In on. particular enwodbn.ni the axpmion member B » ,„ unupandod «.,. whr, h j, mounded by 
tha sound elonget. member, but expands whan the firat elongate membor is pushed through the «e.nd elongate 
member. In anothor embodiment, both the fait and second elongat, nwnberi are seared to the expansion member, 
and the expansion member expands as the fast elongate member is retracted. 

Anather embodinwm of the emotion is a method of ocduding a segment within . vessel whieh includes 
th. step of ™,n B first and ucond donget. member, int. th. vassal t. be occluded (in which the first Seagate 
member adpms an man nwmbwl Mowed by the «eg of nryiag tha position of at tout an. of the elongate 
mwnbers so that tha expamion member expends until the ««* is completely or parfiaDy occluded. In one 
-nhodenent. the varying «ep mehtdu racing on. of the ,..■»«, member,. tnd m 8nBtn „ embodimenL the 
varying «ep compri*, pushing one of the elongate member, through the other elongate member. Inyetenomer 
method of ocduding . segment within a vessel en expansion member is tanned within the vessel end th. expansion 
member is heated to causa h to upend until the vessel is et tout partially occluded. Heating the expanses member 
may involve, for exemple. passing aleetrieal current through rt or passing warm solution over or near it. 

Brief Desermtfan of fflg D>.u. r|r . 

FIG. 1 is , ,«*elevational view in section of one embodiment of a catheter apparatus incorporating the 
present invention for treating ocduded vessels. 

FIG. 2 is a side-elevational view in aection smSer to FIG. 1 but showing the epperatus in FIG. 1 with the 
expansion member (in this case, a sell-expandable seal) deployed. 

FIG. 3 is a sidMlevetional view ., .eetion of another embodenent of a catheter apparatus ine.rpor.teig 
the present invention for treiting ocduded vesstbt. 

FIG. 4 is , v.w simiiar to FIG. 3 but showing the expension rwrnber Cn this cue. a seH-expandabl. seal) 

deployed. 

FIG. 5 is a schematic longitude*) cress sectional view of en embodiment in which a mombran. only 
partially surrounds a braid used as the expansion member. 

FIGS. 6A end 6B show end views of imperforated and perforated membranes, rupectivety. 

FIG. 7 is a schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
nwnfarane is used. 

FIG. 8 is a schematic, longitudinal cross section.) view of en embodenent in whieh a fitter-ike mesh is used 
as the expansion member. 

FIG. 9 is a achemetic. longitudinal cross sectional view of an embodiment h which a slotted tube is used 
as the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodenent of FIG. S. 
FIG. 1 1 is e schematic, longitudinal ooss sectional view of en embodiment in which e coil is used es the 
upension member, and the prerenal end oi a memarene surrounding tha eoi edjoms the coil 
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FIB. 12 is s schematic, longitudinal oen sectional vim of an embodiment in which a cod o used as the 
expansion member, and the proximal and of a membrana surrounding tha coi adjoins a Shaath that surrowds both 
first and second elongate mambers. 

FIG. 12A is an embodiment seritsr to that shown in FIG. 12. ti which resistive heatirg o used to expand 
the expansion member, with current being conducted through wires being attached to either side of the expansion 
member Tha expansion member as shown is parttaly deployed. 

FIG. 12B is an embodiment similar to that shown si FIG. 12A, in which resistive heetmg is used to expand 
tha expansion member, with current being conducted through e wre being attached to the distal end of the expansion 
member end through e coating on the first elongate membei. The expansion member as shown is partially deployed. 

FIG. 13 is a schematic, side cross sectional view of an embodiment m which a plurality of ribbons are used 
as the eipansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. in which a warm solution passes between 
the first and second elongate members to transfer heat to the expenskin member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an embodiment sirriar to that shown in FIG. 13A. m which a warm solution passes through 
the first elongate member to transfer heat to the expansion member, causing it to expand. The expansion member 
as shown is partially deployed. 

FIG. 13C is en embodiment similar to that shown in FIGS. 13A and 13B, in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heat to the expansion member, causing it to 
expand. The expansion membir as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of ribs are used 
as the expansion member. 

FIG. 15 is an tsometnc view of an embodiment of the invention in which a pull wire is used to deploy a 
plurality of non-self-expanding ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, tindeployed position. 

FIG. 17 is e side efevatnnal view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membremi makes a seal with the vesseL 

FIGS. ISA and 18B show longitudinal and end perspective views, respectively, of a locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an alternative locking rnechanism used with a wire that deploys an 
expansion member. 

FIGS. 20A. 20B. 20C, end 200 show, respectively, a braid, a filter-like mesh, e slotted tube, end e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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°n. embodiment of , c«h«er apparatus atcorpera,*, „. ^ for ^ ^ ^ 
.»»...*., M2 . Aj shown therein, the catheter apparatus 651 con*u .,. *«, ^ ^ 
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»naU partidas from moving downstream. 
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™« -ch as sicona. C, te , p., y « hylan , or pn whtt wou|d <0f|j> , ^ ^ ^ ^ ^ 

of the anery. The ce.ering 668 mey be perforate to allow perf uswl 

A machania,, « provided for compr.^ tha mto9 ^ „ ^ ^ 

772 and 773 and . bore 774 ertendin, , rom ,h, prosimal enr^ity 772 U, tb. di«- eetrenny 773 . A cola, 776 
- runted on the prosed estrenaty 772 of the sfc.,. 77, end a posnion- „ur th. .dapter 656. The e. te r 776 
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meehantsm 666 after the catheter has been deployed to pennt the self-expanding seabno mechanism 666 to expand 
end form a seal with the arterial vassal adjacent the stenosis to be treated. 

Another embodiment of a catheter apparatus for treating occluded vesseb ucorporathg the present 
intention is sham in figures 3 and 4. As shown thereat, the apparatus 781 consists of a piking catheter 7B2 
having proximal and distal eitrenities 783 and 784. As shown, the distal extremity 734 s provided with a pre- 
formed band of a conventional type. A conventional attachment 786 is mounted on the proxmi extremity 783. 
Settapanding seal mechanism 791 is mounted on the distal extremity 784 end is of the type hereinbefore deserted 
in connection with the embodiments shown in Figures 1 and Z A sleeve 796 srnlar to the sleeve 771 of the 
previous embodiment is provided at the present embodrnent for encasing the self-expanding seal mechanism 791 and 
for releasing the same after it has been disposed in en appropriate position within a vessel adjacent the ocduaon 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 and 798 and having a bore 
799 extending from the proximal extremity to the distal extremity which is sized so that it can receive the guide 
catheter 782. It is provided with a cotter 801 on its proximal extremity which is adapted to be disposed outside 
the petient and which is adapted to be grasped by the physician for putting the sleeve 796 ptoximaiiy to uncover 
the self-expanding seal 791 after the apparatus has been deployed to permit the self-expansion of the sealing 
mechanism 791 to form a seal with the vessel wall as shown ei Figure 4. 

In accordance with the hereinbef ore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the same function as the main catheter. To accomplish this, the assamtfy 781 can be introduced 
into the femoral artery and the distal extremity advanced into the desired location h the erteriil vessel After it 
has been properly positioned, the physician can retract the sleeve 796 to permit the self-expanding seal mechanism 
781 to expand and to form a seal with the wall of the arterial vessel to occlude the arterial vessel and imenupt 
the flow of blood in the vessel to provide a working space distal of the occasion formed. This prevents smal 
particles which may thereefter be dislodged from movng downstream. Since a central lumen is available, the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatus shown in Figures 1, 2. 
3 end 4. 

Although the self-expanding sealing mechanism 666 (7911 can be deployed by retracting the sleeve 771 
(798) as previously described, the sealing mechanism can also be deployed by pushing the flexbte elongate member 
852 (guiding catheter 7821 through the sleeve so that the sealing mechanism can expand. This may be the preferred 
way of deploying the sealing mechanism 666 {79 1). if there is ittls clearance between the apparatus 651 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the patient's vessel. As doomed 
below in connection with subsequent figures, the seeing mechanism 666 (7911 may alternatively conprise members 
such as a col a ribbon-fike structure, a slotted tube, or e filter-Gke mesh. In each case, the seeing mechanism 
expands to partially or completely occlude the vessel in question, or ahernativefY, to anchor an ntravascular device 
to the vessel. 
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64 h pushed through a second elongete member 66. or ihernativery. when the second elongate mntcr 66 is 
retracted over the fast elongate member 64. The filter-ike mash 60 for slotted tube 72) then expands so that the 
membrane 82 forms a seal with tbc surrotradng vessel 68. A gudewtre 70 aids in guiding the device through 
the vessel 6B. The fiterdka mesh 60 and slotted tube 72 are of a suitable shape memory material such as Nitinol 
or (304 or 400) stainless stesL The fifter-Sce mesh 60 is fibrous ei nature, bee* somewhat analogous to steel wool. 
The clotted tube 72 has a lattico-fta appearance. The stoned tube 72 may be constructed, for example, by 
eradiating a thin-waled tube with a User beam to form holes in the tube in the shape of polygons such es oblong 
quadriaterais. An unexpended, slotted tube 74 is shown in FIG. 10. 

FIG. 1 1 ihistrates another embodiment, in which a coO 80 serves as the self-expanding mechanism. The 
coil 80 may be integrally formed with s fast elongate member 82 or be otherwise specially joined to it. e.g„ by 
welding or brazing tha coil to the elongate member 82. The coil 80 is surrounded by e membrane 84 that expands 
with the coii when it is pushed out of a second elongate member 86. or efternatrvery, when the second elongate 
member 86 is retracted from the coil 80. Thus, the membrane forms e seal with the surrounding vessel 90. The 
membrane 84 may be attached directly to the first elongate member 82. or to a member 88 such as a disk that is 
in turn secured to the coil 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be attached to the first elongate member 82 or to the member 88. if one is usad. 

An ambodinent sanflar to that shown in FI6. 11 is ikistrated in FIG. 12, ei which the membrane 84 is 
secured at the proximal end to a separate sheath 94. In this case, the sheath 94 and the fast elongate member 
82 are extended together over and through, respectively, the second elongate member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongate member 86. 

Another embodiment that employs a self-expanding medium is shown in FIG. 13. in which a plurality of 
rfcboru 100 make contact with a membrane 102 while they expand to urge the membrane towards the wali of the 
vessel 104 where n makis a seal. The ribbons 100 of this embodiment ere preferably secured to a first elongate 
member 106 at both ends of the ribbons, by. for example, gluing them in place. The rfcfaons may be O.001-O.0O4* 
x Q.0OM.O20- x 025-1.0- strips of Nitinol. stainless steel or EajBoy™ which expand when urged out of the second 
elongate member 108. A guidewire tip 1 10 may be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 106. 

FIG. 14 ftjstretes en embodiment similar to the one in FIG. 13. in which ribs 120 such as wees form a 
series of semicirailar arcs when they expand. The ribs 120 are surrounded by a membrane 122 that expands with 
the ribs to farm a seal with the vessel 124. The number of ribs 120 is preferably it toast three. The ribs 120 are 
preferably attached directly to a first elongate member 124 that is surrounded by a second elongete member 126. 
The ribs 120 themselves are preferably made of a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other self. expanding embodiments, the self-expanding mechanism 100 1120) is in an unexpended 
state when enclosed by the second elongete member 10B (126). and expands whan pushed or pulled beyond the 
second elongate member 108 (126). 
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upends when exposed to heat In th, embodim.* of FIG. 13A, a »erm seine eefcion ,07 i, p„,,d between the 
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after h«, tr^er ,. .he ribbons occur, As fa «r.t.d in FIG. ,3C. the seine sohaion ,07 ^ h . M 
through one or mom do«d loop coil, or tam.ru H3 wWHn the f est etanoat. member ,06. m tni, way. ri5 bens 
100 .nd th. petiant', blood ere no, exposed direct* ,o ,ny „»«»„. UshB hMl trantf „ ^ „, ^ 
the other ombodenents doctosed herein, provide «» Mpan ,ior, n-mber is »it.biy corm^trt. 
£ Mechanicaty ripnm, td g^Mim^. 

Cither non-wh-^^in, JMSno modurasm that on be used for ocdudng . »ex*l are described below 
In the eme.de™ of FIGS. ,5-17. . i„» ^ B „. r^., 140 . prefer^ , M wr , B (whm ^ dnie , , 
completed ,„amb W , etucbed to a br ,c number ,44 thet « in turn attached to e fust r„ B member ,48 
AdpKntng the fast rmg member 148 end . «cond ring member ,52 are a plurahty of rddton, ,56 tha, extond 
b.«w M n th. two ring member,. Surrounding the ribbons 158 is , n-mbran. ,60 tha, form, , lia , with * 
P-tienfs « m wnM m ^ ,„ ^ ^ ^ ^ . . ^ ^ ^ ^ ^ 
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both of the ring members 148 and 152. The membrane 160 can be joined to only one of the ring members 148 
and 152. tor eiempte, whan the membrane 160 extends far enough ai the tongmidmaJ dvectkm to permit the 
membrane to make a geod seal with the vassal 162 whan the r&faons 156 are deployed. 

To assemble the device, the first and second ring members 14B and 152, the ribbons 156. end the 
mcmhraoe 160 are placed as a unit around a second elongate member 166. which has i par of oppositely facing 
holes 170 and 172. The brace member 144 is inserted thrugh the holes 170 and 172 and secured to both the 
fail wire 140 and the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled configuration, with the ribbons 158 in their kmgrtudinal orientation, is 
iustrated in FIG. 16. As ikistrated in FIG. 17, when the pull wire 140 is retracted, the ribbons 156 (shown in 
phantom) and the membrane 160 that surrounds them are urged towards the vessel 16Z where the membrane makes 
a saal with the vessel The ribbons 160 ere preferably resilient enough so that they return to their longitudinal 
orientation whan the pull wire 140 is released. The elasticity and resfience of the pub wre 140 also helps the 
ribbons 156 return to their undeployed configuration. A guidewve tip 171 may be used to assist m guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the pud wire 140 is shown in AGS. 18A and 16B. FIG. 16A shows the pull 
wve 140. which is attached to the brace member 144. A ratateble handle 180 is attached to a rocking rnernber 
184 which in turn is fastened to the puR wire 140. When the iockng member 184 cbars the second elongate 
raembe- 166 within which it resides (which is preferably outside the patient), the Iockng rnernber end rotatable 
handle 180 may be oriented as illustrated in FIG. 18B to keep the puB wire 140 taught thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be made of stainless or nrtvwl 
and may have a diameter of 0.006-OJM8 inches, for a catheter havino an 0.0. of 0J»14 - . for example. 

An alternative to the deployment apparatus iHustrated in FIGS. 18A and 1 SB is shown in FIG. 19. in which 
a handie member 190 is grasped by the clinician to retract the pull wire 140. thereby deploying the seaing 
mechanism. Once extended, the sealing mechanism preferably has the tendency to return to its undeployed position, 
which i) the process pubs the pufl wire 140 back into the second elongate member 166. This can be prevented by 
inserting a spacer member 194 between the handle member 190 end the second elongate rnernber 166. After the 
medical procedure is complete, and ocdusion of the vessel is no longer required, the spacer member 194 can be 
removed and the pull wire 140 end the seaing mechanism returned to their respective undeployed positions. The 
device can then be removed Irom the patient. 

Although the principle of using a norvseJf-expanding mechanism has been Uustrated in FIGS. 15-17 with 
respect to deformabie ribbons, other non sell eipandng mechanisms, as flkatrated in FIGS. 20A-20D, can be employed 
in conjunction with the brece member 144 end the first and second ring members 148 and 152. For example, 
instead o f using ribbons 1 56, a non-serf -expanding braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring members 148 and 152 and is covered with a nwnbrane 160 to form the unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunction with an elongate member 166. a brace member 144. 
a guidev/ire tip 171. a first elongate member 140 such as a pull wire, a rotatable handle 180, and a locking member 
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184 to torn, a ^ to ^ o , ^ 15 n^.^^^^ 

for aacure? too pull win 140. nich as ■ handle member 190 and a apacer member 184 

Otto, nmvM^pondina^n^^ „ , ^ ^ m , ^ ^ ^ ^ ^ ^ ^ 

^ ™ m m t0 fc ^ "* 2M « *™ « HGS. 20B. 20C 

,,ra,n " 200 " "—«'-■ P«*»r.«- membr.*, ik. 36' of FIG 68 

z ?» tlvt r ^ 11,8 ^ ,sB< ,hB • » - *— - 

2!T Md * m ™ te -* **- ■* m they ere 

nanrthnless smear to their salf-eipandn? counterparts. 

1« .l-uld be ^t-o-that th. w of th. pt^nt « b. i^a, b, fcW „io W or the 
for*., descnption there.,, tu, rethe, b, ,„. ippinded ^ Jnd „„„ ^ ^ ^ ^ ^ ^ 
mwention w» « Mejt themselves to one of ordinary ski h the art 
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WHAT IS CLAIMED IS : 

1. A devcs lor occkiding a vascular segment, cnmpramg: 
an expansion member; and 

first ami moral elongate members, wherein said first elongate member engages said expansion member em) 
said second efcngats member engages said first elongate member, said expansion member expanding to at least 
partaly occkrde the vascular segment when one of said elongate members o moved longttudinaly. 

2. The device of Claim \, further comprang e materie! that adjoins said expansion member lor 
creating a seal with the vascular segment 

3. The device of Claim Z wherein seid material does not completely encapsulate said expansion 


4. The device of Claim 1, wherein said expansion member b a filter-Dee mesh attached to an 
indentation within said fast elongate member. 

5. The device of Clatn 1, wherein said expansion member u in an unexpended state when it is 
surrounded by seid second elongate member. 

6. The device of Claim 5, whereii seid expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5. wherein said expansion member as self-expanding. 

B. The device of Claim 7. wherein said seitapanding member ccmprisas a member selected from the 
group censisting of a braid, a col, a ribbon-like structure, e stoned tube, a pJurafty of ribs and a flter-fike mash. 
9. The dsvice of Claim 1. wherein said second elongate member b elso secured to said expansion 


10. The device of Claim 8, wherein said expansion member expands as said first elongate member b 

retracted. 

11. The device of Claim 9. wherein said expansion member comprbes a member selected from the 
group co rusting of a braid, a pkjraihy of eois, a ribbon-b'ka structure, e slotted tube, end e fiteMike mesh. 

12. The divics of Claim 9, wherein said sxpension member expands as the relative position of said 
first end second elongate members changes. 

13. A method ol ocdudhtg a segment wrthzn a vessel comprising: 

inserting first end second elongate members into the vessel wherein the first elongate member adjoin en 
expansion member; and 

varying the position of at least one of the elongate members so that the expansion member expends untl 
the vessd b octkjded. 

14. The method of Claim 13, n which seid varying step comprbes retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes the 
expansion member to expand. 
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16. Th.m.th.tf.f Don Hfc*^^^^^ ^ 
retatw. posmon of th. urn*,, mote,. „ writ0 . m , |pusan ^ ma ^ ^ fc ^ 

Th. rn.th.tf of Clo, 13, « wham aid ^ m eompniB pmW „ b ena „ the ^ 
members thr ough tti. other elongate iMntfMr. 

18. Th. method of Claim 13. further ..mpnsing: 
P«wming a medical proodure near th. ocduded she and 

retrieve* th. * ongate matte,, and th. expansion ranter from th. mad. 

19. A method, comprising: 

uuorting an uptiuion member whom th. vessec and 

heating th. mansion ranter to cam it to expand «ml th. vasal * at teat partially ocduded 

20. Th. nwhod of Claim 19. « which th. «p,^ member « eempriatf of . mat.ri.1 se.eet.tf fr.m 
th. group conaitting of bat activated Nitinol and an iron bus shape memory alloy. 

21 • Th. method of Clem 19. in which aid hating the expem.n memb« cmpnses p. ajn( , e(eetfjM , 
current through ft. 

22. Th. method of Claim 19. m which aid hating th. eip.ns.on member compmes flowing warm 
abition near the wpanson member to hat up the .mansion member. 
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